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Abstract

Cancer is a major contributor to the global disease burden, and its
prevalence is rapidly increasing around the world. Despite advancements
in cancer treatment, more effective therapies with fewer side effects are
still needed. For centuries, herbal medicines have been used to treat a
wide range of ailments, including cancer. Ficus benjamina is a medicinal
plant with antioxidant properties that has shown promise as a cancer
therapy. This review summarizes current knowledge of the application of
herbal medicines, specifically Ficus benjamina. The antioxidant properties
of various Ficus species have been studied, and several studies have
revealed that Ficus species are a good natural source of antioxidants that
may prevent diseases caused by oxidative stress. This review emphasizes
Ficus benjamina potential as a cancer therapy candidate. Ficus benjamina
contains triterpenoids, flavonoids, and phenolic compounds that act as
potent antioxidants and may protect against oxidative stress caused by
cancer. Furthermore, Ficus benjamina has anti-tumor potential, with
several studies demonstrating its ability to inhibit cancer cell growth and
induce apoptosis in cancer cells. In conclusion, the potential of Ficus
benjamina as a natural source of antioxidants and an anti-tumor agent
holds great promise for the development of more effective cancer
therapies with fewer side effects.

INTRODUCTION

Cancer is a prevalent non-communicable disease that contributes significantly to the
global burden of diseases. This is further supported by Binu et al. (2007) who assert
that cancer is widespread and a leading cause of death worldwide, with its prevalence

on the rise. In addition, cancer has a significant impact on life expectancy and mortality
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rates, making it a major obstacle to increasing life expectancy in every country

worldwide (Bray et al., 2021).

According to the World Health Organization 2019 estimate, in 112 out of 183 countries,
cancer is the leading cause of death before the age of 70 years; the WHO estimate also
indicates that cancer deaths ranked third or fourth in an additional 23 countries. This

highlights the global impact of cancer on mortality rates.

The increase in cancer as a primary cause of death can be attributed, in part, to the
significant decline in mortality rates of stroke and coronary heart disease in many
countries, as discussed by Bray et al. (2021). Despite this, the global burden of cancer
incidence and mortality is rapidly increasing due to population growth, ageing, and
changes in the distribution and prevalence of cancer risk factors. Additionally, some of
these risk factors are linked to socio-economic development, as noted by Gersten and

Wilmoth (2002).

Sung et al. (2021) estimated that there were about 19.3 million new cases of cancer and
10 million cancer-related deaths globally in 2020. However, if the national rates
estimated in 2020 remain constant, there will be an estimated 28.4 million new cases of

cancer worldwide by 2040, which is a 47% increase from 2020.

Regarding the global distribution of cancer, Asia is expected to have the highest number
of cancer cases and deaths, with approximately 50% of all cancer cases and 58.3% of
cancer deaths occurring in this region. Europe accounts for 22.8% of all cancer cases
and 19.6% of cancer deaths, while the Americas represent 20.9% of cancer incidence
and 14.2% of mortality worldwide. The proportion of cancer deaths is higher in Asia
(58.3%) and Africa (7.2%) compared to the proportion of cancer incidence (49.3% and
5.7%, respectively). This is because of the variation in the types of cancer and higher

case fatality rates in these regions.

The American Cancer Society (2021) reported that the top 10 cancer types for both
sexes account for over 60% of newly diagnosed cancer cases and over 70% of cancer
deaths. Female breast cancer is the most commonly diagnosed cancer, followed by lung,
colorectal, prostate, and stomach cancers. Lung cancer is the leading cause of cancer

death, followed by colorectal, liver, stomach, and female breast cancers.
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In men, lung cancer is the most commonly occurring cancer and the leading cause of
cancer-related deaths, followed by prostate and colorectal cancer for incidence and liver
and colorectal cancer for mortality. In contrast, breast cancer is the most frequently
diagnosed cancer in women and the leading cause of cancer death, followed by

colorectal and lung cancer for incidence, and vice versa for mortality.

According to Arnold et al. (2019), lung cancer is the primary cause of cancer death in
men in 93 countries, followed by prostate and liver cancer. Breast cancer is the most
commonly diagnosed cancer in women in 159 countries, with cervical cancer also
prevalent in 23 of the remaining 26 countries. The cumulative risk of dying from cancer
among women in 2020 was higher in Eastern Africa than in Northern America, Western
Europe, and Australia/New Zealand. Lung cancer accounted for approximately 11.4% of
diagnosed cancers and 18.0% of deaths in 2020, making it the leading cause of cancer
death in both men and women. However, lung cancer ranks third for incidence in
women after breast and colorectal cancer and second for mortality after breast cancer.
While men have approximately two times higher incidence and mortality rates
compared to women, the incidence and mortality rates of lung cancer are three to four
times higher in transitioned countries than in transitioning countries. The male-to-
female ratio of lung cancer incidence and mortality rates also varies significantly across
regions. However, the tobacco epidemic primarily affects low-income and middle-
income countries where 80% of smokers aged 15 years or older reside, and this trend

may change (Sandoval et al., 2022).

According to Sharma et al. (2022), cervical cancer is a major public health problem in
Africa, with the majority of cases and deaths occurring in females. In 2020, Africa
recorded about 1.1 million new cases and 711,429 deaths from cervical cancer, with
Egypt, Nigeria, and South Africa having the highest numbers of new cases and deaths.
Breast cancer was the most commonly diagnosed cancer in African women, followed by

cervical cancer.

The World Health Organization's (WHO) 2022 report states that nearly half of the
world's population does not have access to healthcare, and catastrophic health expenses
drive about 2 billion people into poverty every year. Nigeria is currently experiencing a
shortage of medical personnel, with a doctor-to-patient ratio of 1:9,083, as reported by

Rowland (2022). To meet the WHO's standard of 23 healthcare practitioners per 10,000
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individuals, Nigeria, with a population of over 200 million, would require a minimum of
363,000 healthcare professionals. Inadequate financial risk protection in Nigeria makes
it difficult for people to access healthcare services, with healthcare out-of-pocket
expenditures accounting for 71% of healthcare spending, according to the World Bank's
2022 report. With nearly 50% of Nigeria's population living below the poverty line,
many people delay seeking medical care, seek help from unlicensed healthcare
providers, or turn to traditional medicine practitioners instead of receiving treatment

from licensed professionals, as reported by the World Bank (2022).

Salem et al. (2013), Imran et al. (2014), Ogunwande et al. (2012), and Rahama and
Mashi (2015) conducted studies on Ficus benjamina and found that its different parts
contain a variety of compounds, such as alkaloids, essential oils, and ceramide, as well
as potential medicinal properties, including antimicrobial and anticancer effects. Imran
et al. (2014) conducted a study on the antimicrobial activity of the plant's different parts
and found that all parts exhibited significant activity, with the stem having the highest
range of activity. The strongest antimicrobial activity was observed in the butanol
fractions of the stem, particularly the n-butanolic fraction, which had the highest DIZ
value against B. subtilis. Imran et al. (2014) also found that F. benjamina extracts could
be used as an effective antimicrobial agent against dangerous microbes. Cancer patients
may use herbal medicine, including F. benjamina extracts, alongside chemotherapy for a
variety of reasons, including alleviating chemotherapy side effects, improving overall

health, managing disease symptoms, and enhancing immune system function.

The purpose of this review is to look into the use of herbal medicines in the treatment of
cancer, specifically the potential use of Ficus benjamina as a medicinal plant and its

potential as a viable candidate in cancer therapy.

Cancers

Cancer is an increasing health concern in Africa, and it is important to address it
effectively to control rising incidence and mortality rates (Jemal et al., 2011). Studies
indicate that by 2030, new cancer cases will increase by 70% due to population growth

and aging (Parkin et al., 2014).
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Cancer is a major contributor to mortality and a significant obstacle to enhancing life
expectancy in every nation worldwide. According to data from the World Health
Organization (WHO) in 2019, cancer ranks as the primary or secondary cause of death
before the age of 70 in 112 out of 183 countries and as the third or fourth cause in 23
more countries. This trend is partly attributed to the considerable decrease in mortality
rates of stroke and coronary heart disease compared to cancer rates in various

countries (Bray et al., 2021).

In Africa, cancer coexists with other communicable diseases such as malaria, Ebola,
AIDS, and most recently, COVID-19 (Gutman et al., 2020). There is a lack of dedication to
fighting cancer in Africa, despite the fact that cancer death rates exceed those of AIDS,
tuberculosis, and malaria combined. The focus remains mainly on communicable
diseases, with little attention paid to non-communicable diseases such as cancer
(Rebbeck, 2020). Furthermore, due to the high cost of care and the lack of facilities,
cancer mortality rates are increasing in Africa (Chen et al., 2020). The projected cancer
death rates in Africa are expected to exceed the global average by 30% in the next two

decades (Mathers and Loncar, 2006).

Thus, it is crucial to give cancer research and control initiatives in Africa top priority in
order to lessen the disease's growing toll. This entails raising public awareness, putting
preventative measures in place, and enhancing access to quality, affordable cancer care.
Personalized screening and preventive methods can also be influenced by studies on the
genetic propensity to cancer in African communities. In order to lessen the disease's
burden and enhance health outcomes, combating cancer in Africa necessitates a
multidisciplinary strategy that brings together healthcare professionals, policymakers,

researchers, and community people.
The Nigerian Scenario

Cancer is a growing concern in Nigeria, with increasing rates of incidence and mortality.
A recent study conducted at Lagos State University Teaching Hospital by Fatiregun et al.
(2020) found that out of the 6,592 deaths recorded, 1,133 were related to cancer,
representing 17.2% of all deaths. More male patients (54.0%) died from cancer than

females (46.0%). Breast cancer was responsible for the highest mortality rate, followed
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by prostate cancer. The years with the highest number of deaths were 2010, 2011, and
2015, while the least number of deaths was recorded in 2017.

Fatiregun et al. (2020) also discovered that carcinoma of the cervix accounted for only
1.1% of the cases in the study, which is lower than the global mortality rate. This may
indicate under-reporting of mortality cases from this disease, a significant challenge in
documenting cancer patterns in Nigeria. The study suggests that regional differences in

mortality rates may also be a contributing factor.

The research carried out by Fatiregun et al. in 2020 provides information on the
prevalence of various cancer kinds in Nigeria. The incidence of cervical cancer, which
made up just 1.1% of cases in the study, was found to be much lower than the overall
fatality rate. This may imply that fewer deaths from this illness are being reported,

which would make it very difficult to analyze cancer trends in Nigeria.

Additionally, Fatiregun et al. (2020) contends that geographical variations in death
rates may be a factor in this underreporting. To enable accurate reporting and
successful execution of preventive actions, this issue must be addressed. The study's
conclusions highlight the need of early detection and increasing public awareness of
cervical cancer, as well as the need to improve the healthcare system to enable prompt
detection and care for this condition. Overall, this study emphasizes the necessity for

ongoing initiatives to strengthen Nigeria's cancer surveillance and control strategies.

In a separate study by Uchendu (2020), the incidence of cancers in a tertiary hospital in
Delta State, Nigeria, was examined. Of the 2,300 histologically diagnosed cases, 668
(28.9%) were cancer cases. The mean ages for females and males were 48.40 and 54.14,
respectively, with a combined mean age of 50.17 and an age range of 1-98 years. The
peak incidence occurred in the 6th and 7th decades for females and males, respectively.
The most common types of cancer were breast (36.5%), colorectal (11.7%), prostate
(8.1%), cervical (7.2%), soft tissue (6%), non-melanoma skin (5.2%), ovarian (4%),
metastatic (4%), gastric (2.6%), thyroid (1.8%), and salivary gland (1.4%) cancers. The
fourth, fifth, sixth, seventh, and eighth decades, respectively, had the highest incidence
of breast and thyroid malignancies, lymphomas, colorectal and cervical cancers, ovarian,

and prostate cancers.
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Sowunmi et al. (2018) conducted a study in Lagos State University Teaching Hospital
(LUTH) that recorded a total of 3,314 new cases of cancer diagnosed from 2004 to 2013.
The mean age of presentation was 48.52 years, with breast, cervical, and colorectal
cancers being the most prevalent types. Prostate cancer was the most common cancer
in males, followed by colorectal cancer. The peak age incidence for males was 50-54
years, while for females, it was 40-44 years, with breast cancer accounting for the
highest percentage of female cases. These findings suggest that cancer affects people of
all ages and genders, and early detection and treatment are essential in preventing

cancer-related deaths.

In another study conducted by Usman et al. (2018) in a rural referral center in North-
Eastern Nigeria, breast cancer was found to be the most common type of cancer,
followed by prostate cancer and cancer of the cervix. Skin cancers (excluding
melanoma), gastrointestinal, head and neck, and melanoma were less prevalent types.
Childhood cancer was rare, and cancers in the teenage age group constituted only 3% of
cases. The study recorded a high incidence of cancer, highlighting the need for cancer

screening and early detection to improve outcomes.

Obiora (2020) studied cancer cases in women aged 12-49 years and found that breast
cancer was the most common type, followed by colorectal, cervical, ovarian, skin, soft
tissue, and thyroid cancers. Cases were most frequent in the fourth and fifth decades,
with fewer cases in the second and third decades. The study underscores the
importance of regular cancer screening and early detection in reducing the incidence of

cancer in women.

In their study, Ukah and Nwofor (2017) examined the prevalence of invasive cancers in
southeast Nigeria and found that 722 new cases of invasive cancers were recorded, with
43.8% in males and 56.2% in females. The top five most common new cancer cases in
both sexes were breast (23.4%), prostate (15.1%), cervix (10.1%), colorectum (8.2%),
and liver (6.7%).

A population-based review of the Port Harcourt cancer registry by Christopher (2020)
revealed 2,682 cancer cases recorded over a decade, with 44.4% of cases in males and

55.6% in females. The age range and mean for both sexes were 1-125 years and 51.9
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(17.7), respectively. The five most common cancer sites were breast (29%), prostate

(25.2%), cervix (6.6%), colorectal (5.4%), and blood (leukaemia) (4.3%).

In their retrospective study spanning nine years, Nwafor and Nwafor (2018)
investigated the pattern and distribution of cancers in Akwa Ibom, a state in South-
South Nigeria, and found that 1186 cases were included in the study, with females
accounting for 59.7% of cases and males accounting for 40.3%. The mean ages for
females and males were 45.69 + 14.38 and 59.63 * 17.77 years, respectively. Breast
(33%), prostate (25.8%), cervix (11.1%), skin (4.9%), sarcoma (4.8%), and colorectal

(3.8%) cancers were the top six most prevalent tumors in both sexes.

According to a retrospective study by Silas and colleagues (2019), the trends of top 10
cancers in the Jos University Teaching Hospital's cancer registry were investigated from
1996 to 2018. In this period, a total of 4,279 cases of top 10 cancers were recorded, with
prostate cancer being the most common among males and breast cancer being the most
common among females. The study also found that liver cancer became the third most

common cancer in the period 2016-2018, while cervical cancer fell to the fifth position.

Similarly, Omonisi and colleagues (2020) reported the results of a 20-year study from
the Ife-Ijesha cancer registry in Southwestern Nigeria. A total of 6405 cases of cancer
were recorded, with breast cancer being the most common among females and prostate
cancer being the most common among males. In the pediatric age group, malignant

tumors accounted for 10.8% of cases.

The pattern of cancer cases in Cross River State from 2004 to 2013 was examined in
another study by Ebughe and colleagues (2019). Overall, breast and prostate cancers, as
well as lymphohematopoietic malignancies, were determined to be the most prevalent
cancers according to the study. Males were more likely to get lymphohematopoietic and
prostate cancers, whereas females were more likely to develop breast and cervical
cancers. The survey also discovered that both males and females developed cancer most
frequently between the ages of 40 and 64. Cancers of the eye, urinary system, soft
tissue, and lymphohematopoietic sites made up the majority of cases of cancer in

children aged 0 to 17.

According to a study done in 2016 by Ekanem and Parkin, they looked into the cancer

incidence rates in the population-based Calabar Cancer Registry, which covers two
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Local Government Areas in Calabar, the capital of Nigeria's Cross-River State. According
to the findings of their study, between 2009 and 2013, 719 new cases were reported,
with 320 males and 399 women (with an age-standardized incidence rate (ASR) of 78.8
per 100,000). (ASR of 86.9 per 100,000). According to the study, breast and cervical
cancers account for 60.4% of all cancer cases in women, with breast cancer (ASR 35 per
100,000) affecting significantly younger women than cervix cancer (ASR 21 per

100,000).
Cervical Cancer

According to Ferlay et al. (2020), cervical cancer was responsible for around 604,000
new cases and 342,000 deaths globally in 2020, ranking it as the fourth most commonly
diagnosed cancer and the fourth leading cause of cancer death in women. In 23
countries, cervical cancer is the most frequently diagnosed cancer, and in 36 countries,
it is the primary cause of cancer death, mainly in sub-Saharan Africa, Melanesia, South
America, and South-Eastern Asia. The incidence and mortality rates are highest in sub-
Saharan Africa, particularly in Eastern Africa, with Malawi having the highest rates
worldwide. Conversely, Northern America, Australia/New Zealand, and Western Asia
(Saudi Arabia and Iraq) have 7 to 10 times lower incidence rates, and mortality rates

vary up to 18 times (Ferlay et al., 2020).

Approximately 85% of all cervical cancer cases occur in low and middle-income regions,
representing almost 12% of all female cancers, whereas in upper-income regions,
cervical cancer accounts for less than 1% of all cancers affecting women (Arbyn et al.,
2020). Women between 30 to 50 years old are the most susceptible to cervical cancer
(Moyer, 2012), which is caused by sexually transmitted infections of certain types of the
human papillomavirus (HPV). Types 16 and 18 are responsible for about 70% of
cervical cancer cases and precancerous cervical lesions worldwide (Lei et al., 2020). In
addition, HPV is linked to other cancers, such as those affecting the anus, vulva, vagina,

penis, and oropharynx (Lei et al., 2020).

Cervical cancer, fortunately, is preventable and curable if diagnosed early. The
development of three HPV vaccinations, namely a bivalent, a quadrivalent, and a
nonvalent vaccine, has resulted in a considerable reduction in the global incidence of

HPV infections. These three vaccines are quite efficient at preventing HPV type 16 and
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18 infections, as well as precancerous cervical lesions. In most Eastern and Southern
African nations, the WHO has initiated a nationwide HPV immunization campaign. Only
Libya is utilizing the vaccine in North Africa, while only Ivory Coast, Gambia, and
Senegal are participating in Western Africa. In Central Africa, no HPV vaccinations have

been documented.

Cervical cancer is a disease that can be prevented and has high mortality rates in Africa.
Unfortunately, in East, Central, and West Africa, more than 75% of women diagnosed
with cervical cancer died from the disease in 2018. The fatality rates in Southern Africa
are decreasing, but in other regions of Africa, they have increased over the last four
years. It is noteworthy that even in Northern Africa, where the incidence rate is low, the

fatality rates are still high.
Lung Cancers

With an expected 2.2 million new cases and 1.8 million fatalities, lung cancer is
predicted to account for one in ten (11.4%) of all cancer diagnoses and one in five
(18.0%) of all cancer deaths in 2020. It is the second most frequent cancer to be
diagnosed and the main reason for cancer-related fatalities. While lung cancer ranks
third in incidence after breast and colorectal cancer and second in mortality after breast
cancer in women, it is the main cause of cancer morbidity and mortality in males. Men
generally have higher rates of lung cancer incidence and mortality than women, with
regional differences in the male-to-female ratio ranging from 1.2 in Northern America to

5.6 in Northern Africa (World Health Organisation, 2018).

Almost two thirds of lung cancer deaths worldwide are believed to be caused by
smoking, yet this disease can be avoided with the help of efficient tobacco control laws
and programs. The World Health Organization (WHO) unveiled the MPOWER package,
which includes 6 policy intervention techniques, to aid in the implementation of such
interventions: keep an eye on tobacco use and preventative initiatives, Defend
individuals against tobacco smoke, Provide support for quitting smoking, Inform people
about the hazards of tobacco, Put restrictions on tobacco sponsorship, advertising, and

promotion, and raise tobacco taxes (World Health Organisation, 2008).

Since its inception, substantial progress has been made. In 2018, 65% of the world's

population in 136 countries were covered by at least one comprehensive measure,
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compared to only 15% in 43 countries in 2007 (World Health Organisation, 2019).
Furthermore, the prevalence of tobacco use has decreased in 116 countries, particularly
in those with more robust implementation measures. In 2018, the number of male
tobacco users worldwide began to decline for the first time, despite population growth,
while the number of female tobacco users continued to decline since 2000 (World

Health Organisation, 2019).
Incidence of Lung Cancer in Nigeria

The prevalence of lung cancer in West Africa and specifically Nigeria is mostly based on
the Global Cancer Incidence, Mortality, and Prevalence (GLOBOCAN) periodic reports by
the International Agency for Research on Cancer (Urman et al., 2016; Sung et al., 2021).
The GLOBOCAN estimates rely on country-specific population-based data modeling
which is based on available national cancer data and population statistics, which are

closely tied to the data quality and source in the country.

The Global Cancer Observatory 2020 reports that West Africa has the lowest incidence
of lung cancer in the world, with rates of 2.8 and 1.8 per 100,000 for men and women,
respectively (Sung et al, 2021). Unfortunately, due to underreporting and under-
capturing of cancer cases, these numbers might not accurately reflect the true burden of
lung cancer. Despite Nigeria being a very diverse nation, only four population-based
cancer registries, predominantly in the southern regions of the country, provided the
data for the 2020 GLOBOCAN estimates for lung cancer in Nigeria (Jeddy-Agba et al,
2015; Ferlay et al., 2018). Logistical, regulatory, and financial difficulties prevent the

Nigerian National System of Cancer Registries from registering every cancer case.

Studies have suggested that the reported prevalence of lung cancers in Nigeria has been
historically low, potentially due to factors such as underreporting, misdiagnosis, and a
lack of a central cancer registry in the country. Ogunbiyi (1995) conducted a 30-year
retrospective review at University College Hospital, Ibadan, which identified only 142
cases of lung cancer. Interestingly, the male-to-female ratio was 1.7:1, and the peak
incidence in female patients was two decades earlier than in male patients. Heavy
smoking was found in 60% of patients in this study, but it is important to note that this

study's retrospective nature may not be entirely reflective of the current situation.
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The University of Nigeria Teaching Hospital in Enugu, Southeast Nigeria, saw 51
instances of lung cancer over a 30-month period, however, according to a prospective
study by Ezemba et al. (2012). Just 42% of participants in this hospital-based trial had a
history of smoking, and the male to female ratio was 2.4:1. Lung cancer made up 2.5% of
all cancer cases in the Niger Delta region of Nigeria between 2012 and 2017, according

to a different local study by Christopher and Charles (2019).
Risk Factors of Lung Cancer

Despite global efforts to identify inherent lung cancer risk factors to mitigate their
carcinogenic effects, there is still a significant gap in lung cancer intervention efforts in
Africa due to a lack of indigenous risk factor data, unlike other regions of the world
(Urman et al.,, 2016). Most of the information about lung cancer risk factors in Africa
comes from studies conducted on black sub-populations residing in western countries

(Bahnassy et al., 2020; Rotimi et al.,, 2021).

Lung malignancy is associated with various genetic and environmental factors such as
tobacco use, outdoor air pollution exposure, diet, and pre-existing lung disease, which
have ethnic and racial predispositions (Schabath et al, 2016; Yuan et al, 2018).
Additionally, there are regional disparities in available literature on risk factors for lung

cancer in Africa (Urman et al., 2016; Bahnassy et al., 2020; Rotimi et al., 2021).

In all regions of Africa, men are more likely than women to develop lung cancer,
according to a study by Urman et al. (2016) to assess the prevalence of lung cancer and
related risk factors in Africa. South African Republic had the highest lung cancer
incidence rates (18.5 per 100,000), followed by France La Reunion (17.6 per 100,000).
The most frequent risk factor investigated was smoking, which was then followed by

risk factors from the workplace, the environment, and infectious diseases like HIV.

Studies conducted on people of African descent outside of Africa to determine genetic
ancestry and atavism contributing to higher prevalence of lung malignancy and poorer
outcomes, examined mutations and alterations of angiogenic pathway genes such as
epidermal growth factor receptor (EGFR) and matrix metalloproteinase-3 (MMP-3)
receptor, which are commonly associated with a higher risk of lung cancer development

and poorer prognosis. Other commonly reviewed lung cancer receptor genes such as
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tyrosine kinase/Ras/Raf pathway and KRAS were also examined (Campbell et al., 2017;
Jones et al., 2018; Mitchell et al., 2019).

However, particularly among Africans of West African origin, no clear or substantial
connection was discovered. Native African genetic susceptibility research on lung
cancer are primarily from North Africa, with a small number from South Africa and

none from Nigeria or the rest of West Africa (Urman et al.,, 2016).

EGFR and MMP-3 mutations are similar to those found in their adjacent European
nations, despite studies from Egypt, Tunisia, and Morocco showing a greater frequency
of P53 genetic mutation in lung cancer among North Africans (Errhinani et al., 2013;
Arfaoui et al, 2014). However, due to the population's genetic diversity and
heterogeneity, which includes an admixture of Middle Eastern Arabs, sub-Saharan
Africans, Europeans, and indigenous North Africans, genetic findings from North Africa

cannot be extended to all Africans (Hen et al., 2012; Arauna et al.,, 2017).

Among non-genetic or modifiable lung cancer risk factors in Africans, cigarette smoking
is one of the most studied. Reports show a high odds ratio of developing lung cancer
associated with heavy smoking among North Africans (Sasco et al., 2002; Berthiller et

al., 2008).

Studies on occupational exposures and lung cancer risk in Africa have primarily focused
on miners, with evidence suggesting lower odds of lung cancer development compared
to tobacco use. Asbestos exposure among South African miners and other industrial
exposures, such as chrome, coal, copper, gold, nickel, arsenic, and silica, have also been
reported, but with relatively lower odds compared to tobacco exposure (Parkin et al,

1994; Hnizdo et al., 1997; Mzileni et al., 1999).

Without the use of protective air filter masks, urban inhabitants in Nigeria frequently
come into contact with cement dust, gas fumes, and petroleum chemicals at
construction sites. This presents a chance for researchers to investigate the risks of lung
cancer related with employment. Importantly, environmental lung cancer risks
reported from North and South Africa show decreased probabilities of lung cancer with
exposure to coal used for home and commercial cooking compared to cigarette
smoking, outdoor air pollution from emissions, and inadequate ventilation (Parkin et al.,

1994; Norman et al., 2007).

www.mutagens.co.in 9686



Journal of Global Biosciences Vol. 12(3), 2023 pp. 9674-9729
ISSN 2320-1355

The Challenges of Cancer Care

There are a number of obstacles that make it difficult to properly treat cancer in low-
and middle-income (LMIC) nations like Nigeria. The problem of money is one of the
main challenges. For many patients, especially those from low socioeconomic
backgrounds, the cost of cancer treatment—which might include surgery,
chemotherapy, and radiation therapy—can be prohibitive (Anakwenze et al., 2017).
Also, there aren't many cancer treatment facilities in Nigeria, which might result in
lengthy wait times for individuals who need specialist care. This can also result in a late
presentation, which is a frequent problem in the treatment of cancer (Nwankwo et al,,

2013).

Late presentation is a major problem in cancer care, especially in LMICs like Nigeria
where general community awareness of cancer symptoms and risk factors is frequently
inadequate. It's possible for patients to wait until their cancer has progressed to seek
medical attention, which makes it more challenging to treat and manage.
Underdiagnosis and misdiagnosis are additional problems because Nigerian healthcare
personnel might not have the tools, knowledge, and resources needed to correctly
identify and treat cancer patients (Atundo et al., 2018). Delays in diagnosis and

treatment can have a negative impact on patient outcomes.

Another major issue in Nigeria is the high expense of cancer treatment. Cancer
treatment may be costly, with the cost of drugs and other therapies posing a
considerable financial strain on patients and their families (Anakwenze et al., 2017). As
aresult, patients may be unable to receive the care they require, resulting in poor health
outcomes. Furthermore, the high expense of cancer care may make it difficult for the
government and business sector to invest in cancer prevention and treatment programs

and projects.

Despite the existence of the National Cancer Control Plan in Nigeria, which was
established by the Federal Ministry of Health in 2015, the country still faces significant
challenges in cancer care. Effective implementation of this policy is necessary to
alleviate the burden of cancer on the country (FMoH, 2015). Sub-Saharan African
countries, including Nigeria, have several barriers that impede access to cancer care,

resulting in cancer patients being excluded from the formal healthcare system and
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official cancer registration (Morhason-Bello et al., 2013). These challenges in addition to
the challenges discussed earlier as occurring in LMICs include a lack of knowledge and
awareness of cancer symptoms and risk factors among patients (Ambroggi et al., 2015),
low levels of education (Urman et al., 2016), low socioeconomic status, long distances to
healthcare facilities (Chatwin and Sanders, 2013), the availability of alternative
medicine (Dunn et al., 2017), social stigmatization, language barriers, a lack of cancer
screening methods, and a poor and time-consuming referral system (Lubuzo et al.,
2019). Therefore, the effective implementation of the National Cancer Control Plan in
Nigeria, coupled with strategies to overcome these barriers, is crucial to ensure access

to adequate cancer care for all patients in the country.
Funding

According to Ahmed (2019), only a small percentage of Nigeria's healthcare budget
(0.18%) is currently allocated to cancer-related programs. Furthermore, the country's
overall budgetary allocation for healthcare is also meager (Abada et al,, 2016). In 2020,
the budgetary allocation for healthcare was only 4.3% of the total budget, which is
significantly lower compared to other countries such as the US and UK that allocated

21% and 19% of their total budgets to healthcare, respectively (Amadeo, 2020).

The majority of healthcare spending in the West African region is out-of-pocket because
there isn't a comprehensive, well-managed health insurance program (Aregbeshola and
Khan, 2018). According to Ndoh et al. (2022), cancer control in Nigeria receives
significantly less funding than it should, with the majority of participants attributing the

underfunding to a lack of political will.
Late Presentation

Late presentation of cancer is a common issue within the West African sub-region, with
a high number of patients presenting at an advanced stage when curative treatment is
no longer feasible (Adewole et al., 2007). Adewole et al. (2007) reports that at
presentation, 85% of the patients had advanced and extensive disease. Jedy-Agba et al.
(2017) and Akuoko et al. (2017) suggest that the reasons for delayed presentation of
cancer in Nigeria are multifactorial and include a lack of awareness of cancer symptoms
and treatment options, inadequate access to healthcare services, and financial

constraints. Additionally, healthcare utilization may be negatively affected by the
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organization of health services, which may be centered on equipment availability
(Espina et al., 2017). In Nigeria, geographic barriers to access are often exacerbated due
to the rural population and poor transportation infrastructure, which affects over 50%

of the population (Feikin et al., 2009).
Constraint of Distance

Long travel distances between patients' homes and healthcare providers are a critical
concern that can lead to significant delays in cancer diagnosis and treatment. Several
studies have reported on this issue. Knap et al. (2019) studied the geospatial access to
comprehensive cancer care in Nigeria and found that 68.9% of Nigerians have access to
a comprehensive cancer center within 4 hours of continuous vehicular travel. However,
access varies significantly between geopolitical zones, with the North East having the
lowest access at 31.4%. Nadella et al. (2023) used geographic information systems
modeling techniques to study the geographical accessibility of radiation therapy
facilities in sub-Saharan Africa. They found that only 24.4% of the population in SSA can
access radiation therapy within a 2-hour travel time by road. The number of radiation
therapy units per capita does not always correspond to the geographic accessibility.
Additionally, Dickson et al. (2014) reported that living just over 20 km away from

healthcare providers can increase the likelihood of a late-stage cancer diagnosis.
Under-diagnosis and Misdiagnosis

According to Atundo et al. (2018), healthcare workers misdiagnosing lung cancer as
pulmonary tuberculosis and not referring patients to the proper medical facilities
contributes significantly to underreporting. Ramachandran et al. (2016) discovered that
patients with lung cancer had consulted at least two physicians before receiving an
accurate diagnosis, resulting in many undetected cases and incorrect diagnoses. The
study revealed that general physicians frequently overlooked lung cancer and made
erroneous diagnoses, while pulmonary specialists accurately diagnosed lung cancer in

these patients.

Due to the high prevalence of tuberculosis and the radiological similarities between TB
and lung cancer, a substantial number of lung cancer patients initially receive incorrect
TB treatments. For instance, Singh et al. (2009) reported that 14 out of 70 patients were

incorrectly diagnosed with TB and treated with anti-tubercular drugs. Similarly, van
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Heerden et al. (2021) discovered that 27 out of 539 children began antituberculosis
treatment (ATT) before cancer diagnosis, complicating the cancer diagnosis. Shu et al.
(2019) found that 45 out of 6683 patients were initially diagnosed with TB but later
diagnosed with lung cancer, with image suspicion and positive sputum acid-fast stain

(AFS) being the primary reasons for the initial misdiagnosis.

Lung cancer misdiagnosis is a significant concern due to its increasing incidence and
high mortality (Chiang et al, 2016). The similarities in pulmonary manifestations
between TB and lung cancer (Seon et al., 2014; Chen et al., 2015) may contribute to

misdiagnoses.

Treatment Cost and lack of equipment

In many African countries, cancer care is mainly provided by government and faith-
based hospitals, which subsidize diagnostic prices. However, these facilities are often
inefficient and suffer from chronic shortages of essential cancer diagnostic supplies and
drugs, as reported by Boateng et al. (2020) in Ghana and Martei et al. (2018) in
Botswana. Limited access to diagnostic facilities also poses a major challenge for
multiple myeloma (MM) patients in Africa. For instance, Acquah et al. (2019) found that
none of the 169 MM cases they studied in Ghana were screened for monoclonal
gammopathy of undetermined significance (MGUS) or smoldering MM (SMM) and
31.5% were diagnosed after 12 months of illness. This highlights the need for improved
diagnostic facilities and increased awareness of MM in primary care settings. Screening
for paraproteinemias is not included in routine health checks in Ghana and many other
African countries due to the low prevalence of MM and inadequate diagnostic facilities
(Acquah et al.,, 2018). Late diagnosis is a common problem in Africa, Tsakeu (2018)
reported that 61.2% of 62 myeloma patients assessed in a tertiary hospital in Cameroon

were diagnosed at stage III, which is associated with poor prognosis.

Anakwenze et al. (2017) conducted a study on the barriers to radiotherapy access at the
University College Hospital in Ibadan, Nigeria. Their report revealed that 80% of
patients could not afford radiotherapy without financial assistance, and only 6% of
patients had federal insurance that covered radiotherapy services. Of the patients who

completed radiotherapy treatment, 91.3% experienced treatment delay or frequent
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cancellation due to factors such as healthcare worker strikes, power failure, machine

breakdowns, or prolonged wait times.

New and more effective drugs, as well as novel therapies, are often not accessible due to
their high cost, making it difficult for many patients to afford a recommended full
chemotherapy cycle. Similarly, radiotherapy is not readily available in Nigeria, with only
a few functional cancer radiotherapy units. Nwankwo et al. (2013) found that only nine
centers in Nigeria had radiotherapy facilities, most of which were not operational,
despite the country's population of 172 million at that time. This situation has not
significantly improved, with only four actively functional cancer radiotherapy units in

2020.
Multiple Myeloma

Multiple myeloma (MM) is a type of cancer that specifically affects plasma cells in the
bone marrow, leading to an abnormal buildup of these cells. It can cause high levels of
calcium in the blood, kidney problems, anemia, and bone damage. As a B-cell
malignancy, MM involves the uncontrolled growth of mature B lymphocytes (Dosunmu

etal, 2018; Talamo et al., 2010).

MM belongs to a group of monoclonal protein-secreting disorders called
paraproteinemias. The disease begins as a benign monoclonal gammopathy of unknown
significance (MGUS) and progresses to smoldering multiple myeloma (SMM) before
ultimately becoming symptomatic myeloma. It is estimated that around 1% of MGUS
patients progress to symptomatic myeloma each year, while 10-20% of SMM patients

do so (Alao et al., 2010).

In Nigeria, multiple myeloma (MM) comprises approximately 5.6% to 12.9% of
hematological malignancies, ranking lower in frequency than chronic myeloid leukemia,
non-Hodgkin's lymphoma, and chronic lymphocytic leukemia (Dapus et al, 2012;
Olaniyi and Fowodu, 2015). The prevalence of MM among hematological malignancies
is 9.25% on average, similar to other studies that found a prevalence of around 10%
(Alexander et al., 2007). In one study, MM was diagnosed in 4.1% of bone marrow
aspirations at a Nigerian medical center (Dapus et al., 2012). The male-to-female ratio
for MM in Nigeria ranges from 1.1:1 to 4:1 (Olaniyi and Fowodu, 2015). The average age

of MM diagnosis in Nigeria is between 54 to 62 years, with all medical centers reporting
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increased incidence with age. In developed countries, MM incidence peaks in the 7th

decade of life (Olaniyi and Fowodu, 2015).

Madu et al. (2014) aimed to assist physicians in detecting MM early by identifying its
clinical and basic laboratory features. The study showed that the median age at
diagnosis was 62 years with a slightly higher proportion of males (53.1%) than females
(46.9%). The average percentage of bone marrow plasmacytosis at diagnosis was 38%,
and the most common clinical features were anemia (71.9%) and bone pains (78.1%).
Pathological fractures were found in 69% of the cases, while 13.8% of patients had

nephropathy.

Nnonyelum et al. (2015) performed a multi-center epidemiological and biological study
on MM in a different study. They discovered that the most frequent diagnoses were
pathological fractures in 58 (44.3%) patients, nephropathy in 47 (35.9%), and bone
pain in 97 (74%) individuals. The study also revealed that 35% of patients had Bence
Jones proteinuria and that 67% of patients were under the age of 60. The average length
of survival was 7.4 months, and the total survival percentage after 6 months was 91.3%.
Melphalan was used either alone or in combination with other medications to treat the

majority of patients (66.2%).

In the Nigerian Niger Delta, a study on palliative measures and MM complications by
Nwabuko et al. in 2017 reports the average time between the beginning of symptoms
and diagnosis was 13.12 months (95% CI, 6.65-19.58), according to their findings. Of
the patients, Durie-Salmon (DS) phases III, II, and I, respectively, were diagnosed in
61.5%, 30.8%, and 7.7% of the patients. At the time of diagnosis, bone pain (84.6%),
anemia (61.5%), nephropathy (23.1%), and hemiplegia (35% of sequelae) were the
most often seen. Analgesics, blood transfusions, surgery, hemodialysis, radiation, and
bisphosphonates (38%) were used to treat the patients. Melphalan-prednisone (MP)
double therapy was administered to the majority of patients (57.6%), while some
patients also received triple therapy with MP-thalidomide and MP-bortezomib. 3.8
percent of DS stage IIIB illness patients underwent autologous stem cell transplantation
(ASCT). The mean survival interval was 39.7 months (95% CI, 32.1-47.2), and only 7.6%

of myeloma patients survived up to 5 years after diagnosis.
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Challenges of Multiple Myeloma Diagnosis

Thokerunga and colleagues (2021) highlighted the significant challenges facing the
timely diagnosis and treatment of Multiple Myeloma in Africa, which include low
clinician suspicion, poor population awareness, and limited access to diagnostic
services. Early detection of MM is crucial for effective management, as it is typically
preceded by a silent premalignant condition called monoclonal gammopathy of
undetermined significance (MGUS) and an intermediate stage known as smoldering
multiple myeloma (SMM) (Landgren et al,, 2009; Welse et al., 2009). The conversion
rates of MGUS and SMM to full-blown MM are estimated at 1% and 10% per year,
respectively (Kyle et al., 2007). However, due to the absence of routine screening for
MGUS and SMM in most African countries, patients with these conditions are often
diagnosed by accident while being evaluated for other conditions such as back pain,
anemia, renal failure, bone pain, bone lesions, hypercalcemia, and systemic
comorbidities (Bergstrom et al, 2020). Therefore, increasing awareness and
implementing screening programs are necessary steps in improving the diagnosis and

management of MM in Africa.

The lack of suspicion index for Multiple Myeloma (MM) among clinicians often leads to
initial symptoms being ignored or overlooked. In the Niger Delta, Nwabuko et al. (2017)
reported that many MM patients were referred from orthopedics with pathological
fractures and were initially managed as skeletal-related events without a primary
diagnosis. Meanwhile, Bird et al. (2009) found that primary care clinicians outside of
hematology units often attended to the majority of MM patients at their first hospital
visit. Unfortunately, there is a scarcity of primary data on clinician awareness of the
signs and symptoms of MM in sub-Saharan Africa. While Nwabuko et al. (2015) and
Oduor et al. (2021) reported very low clinician awareness of MM signs and symptoms in
Nigeria and Kenya, respectively, formal surveys were lacking. Both studies attributed

the challenge of late diagnoses to this lack of clinician awareness.
Historical Perspective of the use of Herbal Medicine

Herbal medicine (HM) has a long and fascinating history that dates back to ancient
times. As early as 5000 BC, the Sumerians of Mesopotamia were known to use herbal

recipes on clay tablets. Many ancient cultures, including the Chinese, Indians, Egyptians,
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Babylonians, and Native Americans, were also known to practice herbal medicine. One
of the oldest known herbal texts is the Shennong Ben Cao Jing, also known as the Pen
Ts'ao, which dates back to 3000 BC and contains a list of 385 herbal
remedies (Alegbeleye et al., 2020).

The ancient Greeks and Romans were also renowned for their knowledge of herbal
medicine. Hippocrates, the father of Western medicine, used willow bark extensively to
manage pain during childbirth and was a proponent of Greek and Roman herbs. For
more than 1500 years, the herbals compiled by the Greek physicians Dioscorides and
Galen were regarded as the standard literature on materia medica. By traveling with the
Roman army, surgeons propagated their expertise of herbal treatment throughout the

whole Roman Empire (Alegbeleye et al., 2020).

Today, the use of herbal medicine continues to be popular, with an estimated 80% of
the populations in developing countries relying on it for their primary health care

needs.

In addition, the World Health Organization (WHO) has recognized the potential
therapeutic benefits of herbal medicine in modern medicine, with more than 30% of
current drugs being derived directly or indirectly from medicinal plants, including
analgesics, anti-cancer medicines, antihypertensive agents, antimalarials, and
decongestants. Despite the increasing recognition of herbal medicine, its efficacy and

safety are still a matter of debate.

Herbal medicine has a long and fascinating history that spans back thousands of years.
The use of herbal remedies can be traced back to the Stone Age, where the Sumerians of
Mesopotamia were known to have used herbal recipes on clay as far back as 5000BC.
The oldest known list of 385 herbal remedies can be found in Shen Nung's Pen Ts'ao or
Shennong Ben Cao Jing, which dates back to 3000BC. Many ancient cultures, including
the Chinese, Indians, Egyptians, Babylonians, and Native Americans, were also known to

practice herbal medicine (Alegbeleye et al., 2020).

In the monasteries of Europe and Britain during the Middle Ages, herbalism was
preserved and practiced. Monasteries acted as medical schools before universities were
founded in the 11th and 12th centuries. Benedictine monks maintained "physick"

gardens with the most commonly used medicinal plants, and transcribed and translated
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the writings of Hippocrates, Dioscorides, and Galen. The foundation for the subsequent

generation of physicians, including laypeople and monks, was laid in these gardens.

Meanwhile, Arabic scholars acquired many Greek and Roman medical texts as a result of
the Islamic conquest of North Africa in the 7th and 8th centuries. Iranian physician Ibn
Sina, also known as Avicenna, combined the herbal traditions of Dioscorides and Galen
with his people's ancient practices in The Canon of Medicine (al-Qanun fiat-tibb). One of
the most influential medical texts ever written, Avicenna's Canon spread through

Europe during the 11th and 12th centuries.

During the Stone Age, Herbal medicine (HM) had already been in use. The Sumerians of
Mesopotamia were known for using herbal recipes on clay as far back as 5000BC. The
Chinese, Indians, Egyptians, Babylonians, and Native Americans were also known to
practice herbal medicine. Shen Nung's Pen Ts'ao or Shennong Ben Cao Jing, the oldest
known list of 385 herbal remedies, dates back to 3000BC. Greek and Roman herbs were
also used by Hippocrates, the father of Western medicine, to manage pain during
childbirth. Dioscorides and Galen, both Greek surgeons in the Roman army, compiled

herbals that were considered the definitive materia medica texts for 1500 years.

During the Middle Ages, the monasteries in Britain and Europe preserved and practiced
herbalism. Prior to the establishment of universities, the monasteries served as medical
schools. Benedictine Monks copied and translated the works of Hippocrates,
Dioscorides, and Galen. They maintained "physick" gardens that were stocked with
medicinal herbs and served as the primary training grounds for the next generation of

physicians, including both monks and laymen.

As a result of the Islamic conquest of North Africa in the 7th and 8th century, Arabic
academics were able to obtain several Greek and Roman medical writings. The Canon of
Medicine, written by the Persian physician Ibn Sina, often known as Avicenna, combines
the herbal methods of Dioscorides and Galen with the traditional medical practices of
his people. Avicenna's Canon, one of the most important medical books ever written,

was widely read in Europe in the 11th and 12th century.

According to the record of the Hoistorical collection at the Claude Moore Health Science
in the University of Virginia as cited by Alegbeleye et al. (2020), Paracelsus, also known

as Theophrastus Bombastus von Hohenheim, was a key figure in the development of
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herbalism. He standardized medicinal plants in his herbal and emphasized the
importance of experience with patients. Despite his criticism of traditional herbalism,
Paracelsus revived the first-century "doctrine of signatures,” which stated that every
herb has its own "sign," indicating its medicinal use. Another influential herbalist,
Nicholas Culpeper, revitalized the ancient practice of astrology in herbalism. He
connected herbs to different signs of the zodiac and treated specific ailments
accordingly, believing that herbalists must look up to the stars to know the reason for

the operation of the herbs.

However, the emphasis on the doctrine of signatures and astrology did not mix well
with the revival of medical science, and it led to a separation of traditional herbalism
from biological and medical science. As a result, herbalists who focused on classification
and refused to acknowledge "signatures" and "stars" ultimately formed the botany
science of today. Physicians who found William Harvey's circulation of the blood more
useful than Culpeper's movements of the planets started what might be called scientific

medicine.
African Traditional Medicine

Ezekwesili-Ofili and Okaka (2019) state that traditional medicine (TM) is widely
practiced in African communities and is organized into three levels of specialty,
including divination, spiritualism, and herbalism, which may overlap. The World Health
Organization (WHO) recognizes the potential therapeutic benefits of herbal medicine
(HM) in modern medicine, with over 30% of current drugs derived directly or indirectly
from medicinal plants, such as analgesics, anti-cancer medicines, antihypertensive
agents, antimalarials, and decongestants. With the help of the Alma Ata Declaration,
which was released in 1978, TM and its practitioners were given recognition and given
access to resources for achieving Health for All. Member states and WHO governing
bodies have since endorsed a number of TM resolutions and declarations. The WHO
describes TM as the knowledge, skills, and practices of any community based on
existent theories, beliefs, and experiences unique to various cultures, employed in the

maintenance of health as well as the detection, treatment, or improvement of sickness.

The unique feature of TM systems is their ability to meet the needs of local

communities, leading to the development of Acupuncture and Ayurveda medicine in
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China and India. TM is now widely available, affordable, and commonly used in large
parts of Africa, Asia, and Latin America, with an estimated 80% of populations in
developing countries relying on it for their Primary health care (PHC) needs. However,
the percentage of utilization of TM may vary from country to country (Alegbeleye et al.,
2020). Therefore, the use of TM in these communities presents a significant opportunity
for providing accessible and affordable health care, and its integration with orthodox

medicine may enhance the delivery of health care services to these populations.
Plants and Cancer Prevention and Treatment

Zaid and colleagues (2012) reported that ancient Persian physicians Rhazes and
Avicenna believed in a three-pronged approach to treating diseases. They
recommended starting with physiotherapy and diet, followed by drugs, and then
surgery if needed. Drugs were classified as simple or compound, and treatment began
with the use of simple drugs to avoid drug interactions unless they were ineffective,
followed by the use of compound drugs. Avicenna also noted that it is possible to

prevent the growth and ulceration of cancer at the early stages (Ahmad et al.,, 2016).

Numerous studies have demonstrated that herbal-based medicines are effective in
treating and preventing cancer due to their various active substances that can combat
different types of cancer in multiple ways (Wu et al., 2011; Ahmad et al., 2016; Luchita
and Gwozdzinski, 2018). These natural compounds are easily accessible, cost-effective,
and have minimal side effects compared to synthetic drugs. Avni and colleagues
identified specific plants, such as Abrus precatorius, Albizia lebbeck, and Alstonia
scholaries, which act as chemopreventive agents against different types of cancer (Desai

etal., 2008).

Desai and colleagues (2008) reported that several plants, including Anacardium
occidentale, Asparagus racemosus, Boswellia serrata, Erythrina suberosa, Euphorbia
hirta, Gynandropsis pentaphylla, Nigella sativa, Paederia foetida, Mycorrhiza kurroa, and
Withania somnifera have demonstrated anti-cancer properties. Overcoming
chemotherapy resistance remains a significant challenge in cancer treatment, and new

anti-cancer agents are needed (Ahmad et al., 2016).

Natural compounds derived from plants have been shown to potentially restore

chemotherapy sensitivity (Aung et al., 2017). For instance, tetrandrine, an active
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alkaloid compound from a plant, was found to enhance the anti-cancer activity of
doxorubicin against resistant MCF-1/DOX cells by regulating P-gp-mediated drug efflux.
Quercetin, a flavonoid, was also discovered to restore daunorubicin chemosensitivity in
resistant HL-60/D0OX and K562 /DOX cell lines by suppressing P-gp expression (Aung et
al, 2017).

According to Aung et al. (2017), curcumin has been found to enhance the efficacy of
vincristine chemotherapy in SGC7901/VCR cell lines by suppressing ABC transporters
like P-gp, MRP1, and ABCG2 proteins. Additionally, Malikova et al. (2008) conducted an
in vitro study and found that brassinosteroids (BRs), which are plant-derived steroids,
have anti-cancer properties against breast and prostate cancer cell lines (MCF7 /MDA-
MB-468 and LNCaP/DU-145) as well as normal cell lines. RB compounds arrested MCF-
7, MDA-MB-468, and LNCaP cells in the G1 phase of the cell cycle and induced apoptosis
in MDA-MB-468 and LNCaP cells, without causing toxicity to normal cell lines.

Therefore, RB compounds have the potential to be used as a source of anti-cancer drugs.

Mohammadi-Motlagh et al. (2011) examined the effects of the aqueous extract of Allium
ascalonicum on various cancer cell lines, including mouse fibrosarcoma cells (Wehi164),
human acute T-cell leukemia (Jurkat), human erythroleukemia (K562), and human
umbilical vein endothelial cells (HUVEC) as a normal cell line. The findings indicated
that the extract had significant anti-proliferative effects on all cancer cell lines and a
mild cytotoxic effect on the normal cell line, suggesting that Allium ascalonicum could
have potential as an anti-cancer treatment for various types of cancer (Aung et al.,

2017).

According to Ahmad et al. (2016), research has indicated that the consumption of
specific plants, herbs, and vegetables may aid in the prevention or reduction of cancer
incidence in various parts of the body. Wang et al. (2012) conducted an in vitro study to
examine the effects of an ethyl acetate extract of onion (EEO) on the human breast
cancer cell line MDA-MB-231. The results showed that EEO induced apoptosis in the
MDA-MB-231 cells, which may help prevent breast cancer growth by inhibiting the

production and accumulation of fatty acid synthase (FAS) in adipose tissues.

Hussein et al. (2015) carried out an in vitro investigation to examine the anti-tumor
effects of Aloe vera crude extract (ACE) on human breast carcinoma cell line (MCF-7)

and human cervical carcinoma cell line (HeLa), either alone or in conjunction with
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cisplatin. Various assays such as cell viability assay, nuclear morphological examination,
and cell cycle analysis were employed to evaluate the cytotoxic potential of ACE and
cisplatin on cancer cells, along with the analysis of the expression of genes involved in
cell cycle regulation, apoptosis, and drug metabolism using RT-PCR. The results
demonstrated that ACE led to a significant dose- and time-dependent reduction in cell
viability, which was found to be mediated through the apoptotic pathway, as confirmed

by the changes in the nuclear morphology and cell cycle distribution.

Furthermore, ACE exhibited no significant cytotoxicity towards normal cells, indicating
its potential as a safe chemopreventive agent. The down-regulation of cyclin D1, CYP
1A1, and CYP 1A2, and increased expression of Bax and p21 in MCF-7 and HeLa cells
were correlated with the effects of ACE. Notably, a low-dose combination of ACE and
cisplatin showed synergistic growth inhibition, which indicated improved therapeutic
efficacy in comparison to individual application of the agents. These findings suggest
that Aloe vera could be a valuable anti-neoplastic agent for inhibiting cancer cell growth
and improving the therapeutic efficacy of conventional drugs such as cisplatin.
Therefore, the development of plant-derived therapeutic agents seems promising for

novel cancer treatment strategies.
Plant Derived Anticancer Drugs

Research has shown that a significant portion of cancer treatments are derived from
plants and classified based on their pharmacological effects, including anti-mitotics
(such as vinca alkaloids, podophyllotoxins, and taxanes), topoisomerase inhibitors
(including Topo I and Topo II), ROS inducers, angiogenesis inhibitors, HDAC inhibitors,
and mitotic disruptors. Shalabi and colleagues (2015) conducted a study on the
antitumor effects of Aloe vera and Calligonum extracts on hepatocellular carcinoma
cells, which demonstrated potential as a future anti-cancer treatment. Similarly, Nadia
and colleagues (2021) investigated the potential anti-cancer effects of Crataegus
azarolus extract on human colorectal cancer cell lines and found significant cytotoxic
and anti-growth activities, as well as increased p21 expression linked to apoptosis,

indicating potential for this extract as an anti-cancer treatment.

Classification of Bioactive Compounds with Anticancer Activity
Plants that contain secondary metabolites, which are natural compounds, have been

found to possess antitumor properties by researchers over the years. These metabolites
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can be categorized into three groups: terpenoids, phenolics, and alkaloids. Terpenoids
are synthesized from acetate via the mevalonic acid pathway, phenolics are synthesized
from shikimate pathways, and alkaloids are biosynthesized from amino acids such as
tyrosine. Despite the large number of new metabolites that are extracted from plants
each year, only a small number are used to create potent anti-cancer drugs (Seca and

Pinto, 2018).

Medicinal plants are abundant sources of bioactive compounds, including polyphenols,
flavonoids, alkaloids, saponins, triterpenes, tannins, and quinones. These compounds
have various effects, such as inhibiting cell growth, inducing cell death, preventing cell
migration, promoting programmed cell death, reducing oxidative stress, arresting cell

division, and inhibiting blood vessel growth in cancer cells.

Polyphenols

Polyphenols are natural substances found in plants that can help fight cancer. They have
been shown to have both antioxidant and cytotoxic effects on cancer cells. One way that
polyphenols work is by inducing apoptosis, or programmed cell death, in cancer cells.
They do this by binding to copper ions on chromatin, which causes DNA damage (Heo et
al.,, 2014).

In addition to inducing apoptosis, polyphenols can also interfere with cancer cell
proteins, which inhibits the growth of cancer cells. Polyphenols can directly bond with
carcinogens and disrupt their cancer-promoting activities through mechanisms such as
acetylation, phosphorylation, and methylation. For example, curcumin, a polyphenol
found in turmeric, has been shown to suppress tumor necrosis factor (TNF) in cell lines.
Curcumin can also stimulate the apoptotic pathway, arrest the cell cycle, and inhibit
protein tyrosine kinase activity, as well as the expression of c-myc mRNA and bcl-2

mRNA (Lee et al., 2001; Gupta et al., 2014).
Flavonoids

Flavonoids are natural compounds found in plants that have been shown to have toxic
effects on cancer cells and high free radical scavenging activity (Cao et al.,, 2013). Two
specific flavonoids, alpinumisoflavone and 4’-methoxy licoflavanone, have been found to

induce apoptosis in human leukemia cells through extrinsic and intrinsic signaling
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pathways, leading to the destruction of the mitochondria and ultimately cell death

(Kumar et al., 2013).

Xia et al. (2014) reported that flavonoids have high anticancer efficacy even at low
concentrations. Flavonoids have also been found to hinder the expression of NF-kB, a
protein complex that is required for the angiogenesis, proliferation, and survival of
cancer cells. For example, isoliquiritigenin, a flavonoid, has been shown to obstruct the
S-phase and G2/M-phase of the cell cycle and activate GADD153 mRNA and protein

functions, which are involved in cell cycle arrest (Fabisiak et al., 2014).
Alkaloids

Bioactive compounds found in medicinal plants have been shown to disrupt
tumorigenesis and the growth of tumor cells (Tan et al,, 2011). Alkaloids are one class of
bioactive compounds that have been found to inhibit cancer cell proliferation by
inducing apoptosis and terminating the cancer cell cycle at the G1-phase or G2/M-phase

(Eom etal., 2010).

Alkaloids can also induce cancer cell autophagy and damage the endoplasmic reticulum
(Eom et al, 2010; Hamsa and Kuttan, 2012). The anticancer effects of alkaloids
primarily involve inhibiting tumor invasion and metastasis. Studies have also shown
that alkaloids can inhibit tumor angiogenesis, reduce cellular glutathione levels,
generate reactive oxygen species (ROS), and inhibit NF-xB activation by directly

interacting with glutathione (Jie et al., 2011).
Saponins

According to Sun et al. (2009), saponins have been shown to affect the immune system
by interacting with cytokines. Additionally, saponins have been found to have potential
anticancer effects through both cytotoxic and cytostatic mechanisms, as reported in

references (Yildirim and Kutlu, 2015).

Park et al. (2010) found that triterpene saponins could inhibit the growth of cancer cells
and induce apoptosis. The antiproliferative effects of saponins may be due to their
ability to cluster in the S-phase and cause obstruction in the G2/M-phase, as well as
inhibit the expression of p21 and cyclin-dependent kinase activity. Saponins can also

stimulate cancer cell apoptosis by activating caspase-3 and caspase-9, leading to the
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disintegration of poly (ADP-ribose) polymerase and DNA fragmentation with

condensation of nuclear chromatin, as reported in references (Tong et al., 2012).

Steroidal saponins have been found to induce cancer cell cycle arrest and apoptosis and
act as antitumor agents, as reported in the study of Man et al. (2010). Finally, Nazmi et
al. (2018) found that ginsenoside Rp1, a type of saponin, could induce cancer cell cycle

arrest by repressing G2 /M cells, cdc2, and cyclin B1.
Triterpenes

Triterpenes, including 3-0-acetyl-11-keto-B-boswellic acid, were found to trigger
programmed cell death (apoptosis) in tumor cells by activating the death receptor DR-5
signaling pathway (Lu et al, 2008). They also caused apoptosis by increasing the
production of the proapoptotic protein Bax and reducing the levels of the antiapoptotic
protein Bcl-2. Additionally, triterpenes raised the levels of intracellular calcium and
stimulated the release of P53, leading to apoptosis (Lee et al., 2002; Li et al., 2013; Wang
etal, 2013).

Triterpenes were observed to arrest cell growth at different stages of the cell cycle, such
as G2/M-, G1-, and S-phases, by disrupting the activity of cyclin Bi/cdc2, enhancing the
effect of P21, and inhibiting the expression of cyclin A (Li et al., 2013; Chang et al,
2006). Furthermore, triterpenes inhibited the proliferation of tumor cells by blocking
the Akt/mTOR signaling pathway (Huang et al., 2003). They also hindered the invasion
and migration of cancer cells by reducing the expression and activity of the proteins
MMP-2 and MMP-9 (Yu et al., 2010). Triterpenes were found to suppress the growth of
new blood vessels that support tumors by inhibiting the secretion of bFGF, VEGF-A, and
vascular endothelial growth factor (Zhang et al., 2014).

Tannins

Tannins, specifically ellagiatannin, have been found to possess anticancer properties
through various mechanisms. They upregulate cyclin E but downregulate cyclins A and
B1, causing cell cycle arrest at the S-phase. Tannins also activate apoptosis through the
intrinsic pathway by decreasing the levels of bcl-XL, leading to the release of
cytochrome C from the mitochondria into the cytosol, and inducing caspase-3 and

caspase-9 (Larrosa et al.,, 2006).
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Corilagin, another type of tannin, has been reported to have anti-inflammatory effects
and to inhibit the growth of cancer cells by blocking the TGF-B/AKT/ERK/Smad
signaling pathways (Jia et al., 2013). Tannins like corilagin also arrest cell growth at the
G2/M-phase and induce apoptosis by causing the sub-G1 fraction to increase,

condensation of chromosomes, and DNA fragmentation (Chen et al., 2009).
Quinones

Quinones, including aloe-emodin, have been found to hinder the proliferation of cancer
cells by blocking different phases of the cell cycle, such as G1, G2/M, or S phases (Chiu et
al., 2009). Additionally, they can cause DNA damage by inducing ROS and promote
cancer cell apoptosis by activating various pathways, such as c-Jun N-terminal kinase,

caspases, the Fas pathway, and the p53 pathway (Pecere et al., 2003; Chiu et al., 2009).

The anticancer properties of quinones are also attributed to their ability to reduce the
expression of proteins such as urokinase, MMP-2, and MMP-9 and inhibit nuclear
translocation (Lin et al., 2014). B-lapachone, another quinone, has been reported to
induce DNA fragmentation and apoptotic bodies' synthesis, suppress the proteins Bcl-2
and Bcl-XL, activate Bax, and promote cancer cell apoptosis. It also activates poly (ADP-

ribose) polymerase protein and caspase-3 and caspase-9 (Suboj et al., 2012).
The Ficus Genus

The genus Ficus, which belongs to the mulberry family and comprises of more than 800
species, includes several notable species. Ficus carica L. commonly known as the
common fig, is the most commercially important fig species. Other noteworthy species
include Ficus religiosa L. (also known as the Bo tree, which provided shelter to Buddha
as he attained enlightenment), Ficus elastic Roxb. ex Hornem (the rubber tree), Ficus
benghalensis L. (the banyan tree), and Ficus racemosa L. (also known as glomerata or the
giant cluster tree). All species of Ficus contain a latex-like substance within their
vasculature, which provides them with protection and self-healing capabilities against

physical injuries (Lansky et al., 2008).

It is difficult to distinguish between the flowers of species in Ficus genus, but they can
be identified by their patterns, whether they are weeping figs or not, their leaf shape,
and their fruits (Kumar and Khurana, 2015).
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Ficus benjamina which is one of the most diverse species has different names depending
on its geographic location. In English-speaking countries, it is commonly known as
Benjamin tree, oval leaf fig, Benjamina fig, or weeping fig tree (Scuderi et al.,, 2012; Dara

and Hodel, 2015).

In India, it is referred to as 'pukar,’ and in China, it is called 'Chui ye rong' or 'Cong Mao
Chui ye rong.' In Brazil, it is known by various names, such as beringan and Figueira
benjamina. The Germans call it 'Benjamin Feige,' and in Indonesia, it is popularly known
as 'beringin' or 'wariengin.' In Israel, it is called 'ficus ha'shderot," while in Myanmar, it
is known as 'nyaung thabye." In the Netherlands, it is called 'Baniaanboom,’ and in
Thailand, it is referred to as 'sai yoi bai laem' (Nasvero and Nasvero, 2014; Bauer and

Speck, 2012).

Ficus benjamina is a tall tree that can grow up to 30 meters in its natural habitat. Its
leaves are slender-pointed, thin, and dark green with a glossy appearance. They are
ovate-elliptic in shape and measure 2 to 5 cm in length. The flowers of Ficus benjamina
are small and insignificant, and they are sometimes found in the axils of a hollowed-out
stem, but they do not attract much attention (Gilman and Watson, 1993). The plant is
valued for its glossy oval foliage, which gives it a broad range of appeal. It is often grown
as an ornamental plant, resembling a natural-looking bush, in various locations, such as

parks and along roadsides (Dafalla et al., 2003).
Distribution

Ficus benjamina is a tree species native to Asia, Australia, and the Pacific region. It is
considered rare in the Marshall Islands, with only one tree identified in close proximity
to a village. The plant has a long history, dating back to approximately 30 million years
based on fossil remains. Its popular name, "weeping fig," is attributed to its
characteristic drooping branches and aerial roots that grow from the branches towards

the ground (Michie et al., 2012).

Ficus benjamina is able to thrive with a moderate amount of water during warm
seasons, but only requires a small amount of water to prevent dehydration during the
rest of the year. Although it is difficult to determine the total number of weeping fig
trees in existence, crude fig production reached 1.1 million tons worldwide in 2013,

with Turkey being the top producer at 0.3 million tons. Other countries also contributed
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to production, including Egypt at 0.15 million tons, Algeria at 0.12 million tons, and Iran

at 0.08 million tons (Harrison, 2005).
Chemical Constituents

Ficus species possess various chemical compounds including flavonoid glycosides,
alkaloids, phenolic acids, steroids, saponins, coumarins, tannins, and triterpenoids such
as oleanolic acid, ursolic acid, protocatechuic acid, and maslinic acid. Non-enzymatic
components consist of phenolic compounds, flavonoids, and vitamin C. Enzymatic
constituents include ascorbate oxidase, ascorbate peroxidase, catalase, and peroxidase

(Rastogi et al., 1979).

The phenolic compounds gallic acid and ellagic acid are present, along with
furanocoumarins such as psoralen and bergapten. F. palmata contains (3-sitosterol and a
new tetracyclic triterpene called glaunol acetate in its leaves, bark, and heartwood,
while ceryl behenate, lupeol, and a-amyrin acetate are present in the stem bark.
Taraxasterol tiglate is present in the heartwood, quercetin-3-glucoside and rutin in the
leaves, and three new methyl ethers of leucoanthocyanins, as well as 20-tetra
triaconten-2-one, pentatriacontan-5-one, 6-heptatriaconten-10-one, (-sitosterol-a-D-
glucoside, and meso-inositol are reported in the stem bark of F. benghalensis

(Subramanian and Misra, 1978; Rastogi et al., 1979).

Ficus thumbergii contains triterpenoid constituents such as rhoiptelenol, 3a-
hydroxyisohop-22(29)-en-24-oic acid, lupenyl acetate, B-amyrin acetate, a-amyrin
acetate, lupeol, f-amyrin, a-amyrin, glutinol, ursolic acid, and betulinic acid in its leaves
and stems. F. benjamina contains cinnamic acid, lactose, naringenin, quercetin, caffeic

acid, and stigmasterol in its leaves, bark, and fruits (Kitajima et al., 1994).

Ficus cordata contains two new pentacyclic triterpenes, 8,26-cyclo-urs-21-en-3[3,20(3-
diol, and 3B-acetoxy-8,26-cyclo-ursan-20§-ol, as well as 3-friedelanone, oleanolic acid,
betulinic acid, lupeol acetate, « and  amyrine, 3,5,7,4’-tetrahydroxyl flavones, and
3,5,7,3’,4’-pentahydroxy flavanate in its stem bark. F. capensis (Thunb) leaves contain
4,4,24-trimethyl-cholesta-8-en-3-B-ol, a mixture of campesterol, stigmasterol, and
sitosterol, stigmasterol 3-B-o'glucoside, 4,5,7-trihydroxy flavan-3-ol, xantholoxin, (-
amyrin, and a-amyrin in their n-hexane and ethyl acetate fractions of ethanol extract

(Almatry et al., 2002; Dafalla, 2005; Poumate et al,, 2008).
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Ficus benjamina contains bioactive components such as quercetin, cinnamic acid,

naringenin, and stigma sterol in its fruits, leaves, and bark (Dafalla et al., 2003).

Ficus benjamina possesses a distinct aromatic scent due to the presence of essential or
volatile oils (Nadeem et al., 2017; Naeem., 2017). These oils are primarily found in the
plant's green leaves and are analyzed using gas chromatography mass spectrometry

(GC-MS) (Gupta and Sharma, 2010).

The volatile oil in the leaves is composed mainly of alkaloids, saponins, flavonoids, and
tannins (Cheng et al., 2008). Conversely, the oil extracted from the plant's seeds is
primarily composed of naringenin, quercetin, and cinnamic acid. The leaf oil of Ficus
benjamina, collected during the day, contains high levels of various compounds,
including alpha-pinene, abietadiene, cis-alpha-bisabolene, reticuline, calycanthidine,
anabasine, tomatidine, acridine derivative, sophocarpine, neblinine, harmine,
obscurinervinediol, ergoline, ellipticine, indicine, matridine, scoulerine, hydroxyl
morphine, aspidospermidine, nicodicodine, adenocarpine, lycocernuine, isoclaurine,

dasycarpidan, retronecine, and clemastine (Veerapur et al., 2007).

In a study on the volatile composition of F. benjamina stem and root essential oils, Imran
et al. (2014) identified several compounds. The stem essential oil was found to contain
four compounds, namely 2-pentanone, hexadecanoic acid, palmitic acid, and 9,12-
octadecadienoic acid. On the other hand, the root essential oil was found to contain
eight compounds, including methanamine, cyclopentanone, methyl-2 phenylindole,
cyclopropaneoctanal, arsenous acid, hexadecanoic acid, palmitic acid, and 9,12-

octadecadienoic acid.
Medicinal Properties of the Fig Family

The antioxidant properties of different Ficus species were investigated. Methanol
extracts from the bark, fruits, and leaves of F. microcarpa showed significant antioxidant
activity, as evaluated by four different methods including DPPH, ABTS+ free radicals
scavenging, PMS-NADH system superoxide radical scavenging, and B-carotene-linoleic
acid system. The bark extract exhibited stronger antioxidant activity than the extracts
from leaves and fruits. This was due to the higher presence of phenolic compounds in

the bark. The methanol extract of bark also showed antibacterial activity against Gram-
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positive and Gram-negative bacteria due to the presence of phenolic compounds (Joshi

and Upadhye, 2008).

F. microcarpa contains triterpenoids like oleanolic acid, ursolic acid, and other
triterpenoids that act as potent antioxidants. The antioxidant activity of F. glomerata's
dried bark extract was due to the presence of flavonoids and phenolics. The antioxidant
properties of F. bengalensis Linn root extract was also attributed to the presence of
phenolic compounds. The 50% aqueous ethanolic leaf extract of F. pumila contained
flavonoid glycosides, including rutin, which exhibited the strongest antioxidant activity

(Gupta and Sharma, 2010).

F. carica’s leaves, pulps, and peels contain phenolics and organic acids, with the highest
amount of chlorogenic acid present in the pulp and the highest amount of quercetin-3-
O-rutinoside in the peel. Leaves possess the strongest antioxidant potential. Finally,
both male and female Ficus species contained non-enzymatic constituents such as
phenolic compounds, flavonoids, and vitamin C that showed antioxidant activity. These
findings demonstrate that Ficus species are a good natural source of antioxidants, which

may prevent diseases caused by oxidative stress (Leong et al., 2008).

Shanmugarajan and Devaki (2008) conducted an assessment of the methanolic leaf
extract of Ficus hispida to determine its antioxidant effects on liver damage induced by
azathioprine. Azathioprine is known to cause liver toxicity by producing reactive oxygen
species (ROS). The study found that the extract has DPPH radical scavenging and nitric
oxide radical inhibiting properties, indicating that it can counteract oxidative damage
caused by free radicals. Azathioprine reduces the levels of antioxidants, but the Ficus
hispida extract contains antioxidant phytoconstituents that can protect against oxidative

stress induced by azathioprine.

Therefore, Ficus hispida Linn. leaves have antioxidant and antiperoxide properties that
can counteract the peroxide-antioxidant imbalance caused by azathioprine, making it a

potential treatment for liver ailments (Shanmugarajan and Devaki, 2008).

F. benjamina has demonstrated strong antioxidant effects. The methanolic extracts of F.
benjamina have also been found to have cytotoxic effects in the brine shrimp lethality
assay. Upon conducting phytochemical screening of the methanolic extract of F.

benjamina, it was found that it contains high levels of phenolics (4.006 mg gallic acid
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equivalence/gm) and flavonoids (16.005 mg quercetin acid equivalence/gm), which are
responsible for its antioxidant effects. The study of Ficus spp. has revealed the presence
of various compounds, such as alkaloids, triterpenes, ascorbic acid, and flavonoids

(Kanaujia et al., 2011), which may contribute to its health benefits.

F. benjamina has demonstrated potent antioxidant activity in different assays (Jain et al.,
2013). The leaves and roots exhibited significant antioxidant activity, while the stem

extract and fractions showed good antimicrobial activity (Jain et al., 2013).

Ashraf et al. (2020) observed that the ethanolic leaf extract of Ficus benjamina had a
radical scavenging activity of 68.27 + 1.08 ug/mL, which increased with a rise in both
the duration and dosage of the extract. The authors presented their findings as the
percentage inhibition of DPPH, based on a sample size of three. The study also indicated
that the F. benjamina ethanolic leaf extract, when used at concentrations of 30, 90, and
120 pg/mL, was partially effective in inhibiting virus growth and resulted in mortality
rates of 20%, 20%, and 60%, respectively. At a concentration of 60 pg/mL, the leaf
extract halted the progression of the virus and caused a 0% growth rate. However, at
concentrations of 90 pg/mL and 30 pg/mL, only one embryo was found to be dead after
48 and 72 hours, and at a dose of 120 pg/mlL, the extract became toxic to the embryo
due to its high concentration. The study also revealed that the ethanolic extract of F.
benjamina leaves inhibited the growth of all bacterial strains tested, namely Bacillus

cerus, Pseudomonas aeruginosa, and E. coll.

In their study, Mumtaz et al. (2018) investigated the inhibitory effects of leaf extract of
Ficus benjamina on a-glucosidase and a-amylase, and also conducted metabolite
profiling. Their findings indicated that the 80% ethanolic extract of F. benjamina
exhibited the highest antioxidant activity with an IC50 value of 63.71 + 2.66 pg/mL
based on DPPH radical scavenging ability. Furthermore, the same extract showed the
most potent inhibition of a-glucosidase and a-amylase with IC50 values of 9.65 + 1.04
pug/mL and 13.08 £ 1.06 ug/mL, respectively, which was more effective than acarbose
with IC50 values of 116.01 * 3.83 pg/mL and 152.66 + 7.32 png/mL for a-glucosidase
and a-amylase, respectively. Additionally, Mumtaz et al. (2018) identified 31
metabolites in Ficus benjamina, which included quercetin, rutin, catechin, gallic acid,

and various other compounds.
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According to Jain et al. (2013), F. benjamina was found to contain carbohydrates,
phenolic compounds, oil and fats, saponins, flavonoids, alkaloids, proteins and tannins
as major phytochemical groups in the preliminary phytochemical analysis. The
methanolic extract of F. benjamina exhibited notable antioxidant activity in various
assays such as DPPH radical scavenging, total antioxidant activity, iron chelating, and
reducing power assays. The high levels of phenolic (4.006 mg gallic acid
equivalence/gm) and flavonoids (16.005 mg quercetin acid equivalence/gm)
compounds detected in the phytochemical screening of the methanolic extract of F.
benjamina might contribute to its antioxidant potential. Furthermore, the extract

demonstrated significant cytotoxic activity against brine shrimp nauplii.

In a study on the free radical scavenging activity of F. benjamina, Imran et al. (2014)
found that the methanol extract and n-butanolic fractions exhibited the highest levels of
free radical scavenging activity. In contrast, the n-hexane fraction of the root showed
the highest IC50 value at 580.75 pg/ml. The methanol extract and n-butanol fraction of
the root showed the lowest IC50 values, with a maximum value of 158.34 pg/ml.
Additionally, the methanol extract and n-butanol fraction showed the greatest inhibition
of the linoleic acid system, compared to other fractions. The percent inhibition in the
linoleic acid system was found to be in the range of 16.94-78.16% for the stem, 20.57-
85.87% for the root, and 26.82-69.81% for the leaves. The methanol extract (85.87%)
and butanol fraction (81.48%) of the root exhibited the maximum percent inhibition.
The study showed that the antioxidant potential of the plant increased linearly with an

increase in concentration.

Imran et al. (2014) conducted a study on the antimicrobial effect of F. benjamina and
observed that the stem had a range of antimicrobial activity expressed as diameters of
inhibition zone (DIZ) between 10.5 mm (n-hexane) and 22.83 mm (n-butanol), with all
the butanol fractions exhibiting strong activity. The methanol extract (22.63 mm against
P. aeruginosa) and n-butanolic fraction (22.83 mm against B. subtilis) of the stem
showed substantial activity. The n-hexane, chloroform, and ethyl acetate fractions
exhibited moderate values of DIZ, with the maximum value being revealed by ethyl
acetate at 16.88 mm. The stem extract and fractions exhibited the following order of
antimicrobial potential against B. cereus: methanolic > n-butanolic > ethyl acetate >

chloroform > n-hexane. The root extract and fractions of methanol, n-butanol],
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chloroform, ethyl acetate, and n-hexane exhibited the following values of DIZ against A.
niger: 14.60, 14.98, 17.15, 16.38, and 14.70 mm, respectively. The butanol fraction from
leaves showed higher antimicrobial potential, as evidenced by its values of 19.50 mm

and 19.75 mm against B. cereus and C. albicans, respectively.

Singh and colleagues (2019) conducted research on the impact of F. benjamina leaf
extracts against malaria. The study found that both ursolic acid and lupeol showed
considerable anti-malaria effects, with IC50 values of 18 pg/ml and 3.8 pg/ml,
respectively. This finding supports the traditional use of Ficus benjamina plant in

malaria treatment, which could be attributed to the presence of ursolic acid and lupeol.
CONCLUSION

In conclusion, cancer is a major global health issue that kills millions of people each year
and significantly increases morbidity and death rates everywhere. The prevalence and
burden of cancer continue to increase due to population growth, aging, changes in
lifestyle and risk factors, and this is true despite major improvements in cancer
diagnosis and treatment. An interesting field of research that shows promise for
developing efficient and secure cancer treatments is the utilization of natural items as

possible candidates, such as Ficus benjamina.

To assess the effectiveness and safety of Ficus benjamina and to investigate its potential
mechanisms of action in the treatment of cancer, additional research is required. There
is hope for bettering cancer outcomes and lowering the burden of this terrible disease

globally with current scientific initiatives.
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